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INCREMENTAL BOTTOM-UP
CONSTRUCTION OF DATA DOCUMENTS

RELATED APPLICATIONS

This application 1s related to and claims the benefit of U.S.
Provisional Patent application Ser. No. 60/306,256, filed Jul.

17, 2001, which 1s hereby incorporated by reference.

FIELD OF THE INVENTION

This mvention relates generally to the incremental con-
struction of data documents and more particularly to data
documents containing multimedia content descriptions.

COPYRIGHT NOTICE/PERMISSION

A portion of the disclosure of this patent document
contains material which 1s subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure as it appears in the Patent and Trademark Oflice
patent file or records, but otherwise reserves all copyright
rights whatsoever. The following notice applies to the soft-
ware and data as described below and in the drawings
hereto: Copyrnight©2001, Sony Electronics, Inc., All Rights
Reserved.

BACKGROUND OF THE INVENTION

Digital multimedia information 1s becoming widely dis-
tributed though broadcast transmission, such as digital tele-
vision signals, and interactive transmission, such as the
Internet. The information may be 1n still 1images, audio
feeds, or video data streams. However, the availability of
such a large volume of information has led to difhiculties 1n
identifyving content that 1s of particular interest to a user.
Various organizations have attempted to deal with the prob-
lem by providing a description of the information that can be
used to search, filter and/or browse to locate particular
content. The Moving Picture Experts Group (MPEG) has
promulgated a Multimedia Content Description Interface
standard, commonly referred to as MPEG-7, to standardize
the content descriptions for multimedia information. In
contrast to preceding MPEG standards such as MPEG-1 and
MPEG-2, which define coded representations of audio-
visual content, an MPEG-7 content description describes the
structure and semantics of the content and not the content
itsellf.

Using a movie as an example, a corresponding MPEG-7
content description would contain “descriptors” (D), which
are components that describe the features of the movie, such
as titles for scenes, shots within scenes, time, color, shape,
motion, and audio information for the shots. The content
description would also contain one or more “description
schemes™ (DS), which are components that describe rela-
tionships among two or more descriptors and/or description
schemes, such as a shot description scheme that relates
together the features of a shot. A description scheme can also
describe the relationship among other description schemes,
and between description schemes and descriptors, such as a
scene description scheme that relates the different shots 1n a
scene, and relates the title feature of the scene to the shots.

MPEG-7 uses a Data Definition Language (DDL) that

specifies the language for defining the standard set of
description tools (DS, D) and for defining new description
tools and provides a core set of descriptors and description
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schemes. The DDL definitions for a set of descriptors and
description schemes are organized into “schemas” for dii-
ferent classes of content. The DDL definition for each
descriptor 1n a schema specifies the syntax and semantics of
the corresponding feature. The DDL definition for each
description scheme 1n a schema specifies the structure and
semantics of the relationships among its children compo-
nents, the descriptors and description schemes. The DDL
may be used to modily and extend the existing description
schemes and create new description schemes and descrip-
tors.

The MPEG-7 DDL 1s based on XML (extensible markup
language) and the XML Schema standards. The descriptors,
description schemes, semantics, syntax, and structures are
represented with XML elements and XML attributes. Some
of the XML elements and attributes may be optional.

The MPEG-7 content description for a particular piece of
content 1s defined as an 1nstance of an MPEG-7 schema; that
1s, 1t contains data that adheres to the syntax and semantics
defined 1n the schema. The content description 1s encoded 1n
an “instance document” that references the appropriate
schema. The instance document contains a set of “descriptor
values™ for the required elements and attributes defined in
the schema, and for any necessary optional elements and/or
attributes. For example, some of the descriptor values for a
particular movie might specily that the movie has three
scenes, with scene one having six shots, scene two having
five shots and scene three having ten shots. The instance
document may be encoded 1n a textual format using XML,
or 1n a binary format, such as the binary format specified for
MPEG-7 data, known as “BiM,” or a mixture of the two
formats.

The 1nstance document 1s transmitted through a commu-
nication channel, such as a computer network, to another
system that uses the content description data contained 1n the
instance document to search, filter and/or browse the cor-
responding content data stream. Typically, the instance
document 1s compressed for faster transmission. An encoder
component may both encode and compress the instance
document or the functions may be performed by difierent
components. Furthermore, the instance document may be
generated by one system and subsequently transmitted by a
different system. A corresponding decoder component at the
receiving system uses the referenced schema to decode the
instance document. The schema may be transmitted to the
decoder separately from the instance document, as part of
the same transmission, or obtained by the receiving system
from another source. Alternatively, certain schemas may be
incorporated into the decoder.

Although compression can reduce transmission time by
decreasing the size of the mstance document, 1f the descrip-
tion 1s large, transmitting the entire content description over
a network can still take too much time. Therefore, only
portions of the instance document may be transmitted to
conserve bandwidth. In general, a content description can be
modeled as a tree that 1s composed of a set of sub-trees or
fragments. The determination of which fragments to send 1s
application dependent.

A content description may be updated by adding, deleting
or replacing description Ifragments, 1.e., descriptors and
description schemes, and/or attributes within fragments. The
updates are transmitted to the recerving system through a
series of packets, or “access units” 1n the MPEG-7 standard,
that contain one or more fragment update units. The decoder
on the receiving system updates its existing content descrip-
tion by applying the mformation in the fragment update
units. Typically a fragment update unit consists of a navi-
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gation path that directs the decoder to the appropriate
locations 1n the description tree to apply the update, an
update command that specifies the type of update to execute,
1.€., add, delete, replace, and a fragment payload that 1den-
tifies the update value for an add or replace command.
Because every current update command must specily the
correct path to the update locations, the encoder must have
prior knowledge of the description tree stored 1n the decoder
before creating and transmitting the fragment update units.
Thus, the current fragment update units can only construct
the description tree at the decoder from the top down.

SUMMARY OF TH.

INVENTION

(L]

A data document 1s constructed by attaching a set of child
nodes, selected from nodes 1n an existing data document or
a document fragment, at an update location, which is a node
in the existing data document or the document fragment that
1s 1dentified by a navigation path. When the update com-
mand 1s a merge, one or mode nodes (“merge nodes”) 1n the
document fragment are i1dentified as update locations, and
the nodes 1n the existing data document are merged as child
nodes of the merge nodes 1n the document fragment. When
the update command 1s a join, a node (*y0in node”) 1n the
existing data document 1s identified as the update location,
and an ordered list specifies which nodes 1n the existing data
document and which nodes 1n the document fragment are to
be joined as the set of child nodes for the join node. The join
and merge update commands, navigation paths, and docu-
ment fragments may transmitted as a series of fragment
update units to construct the data document.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIGS. 1A-D are diagrams illustrating operations of
embodiments of the invention;

FIG. 2 1s a diagram of a computer environment suitable
for practicing the mvention;

FIG. 3A 1s a flow diagram of a decode method to be
performed by a receiving system according to the embodi-
ment of FIG. 1B;

FIGS. 3B-C are tflow diagram of methods to be performed
in conjunction with the method of FIGS. 1A; and

FIG. 3D 1s a flow diagram of an encode method to be

performed by a transmitting system according to the
embodiment of FIG. 1B.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In the following detailed description of embodiments of
the 1nvention, reference 1s made to the accompanying draw-
ings 1n which like references indicate similar elements, and
in which 1s shown by way of illustration specific embodi-
ments 1n which the invention may be practiced. These
embodiments are described in suilicient detail to enable
those skilled in the art to practice the imvention, and 1t 1s to
be understood that other embodiments may be utilized and
that logical, mechanical, electrical, functional and other
changes may be made without departing from the scope of
the present invention. The following detailed description 1s,
therefore, not to be taken 1n a limiting sense, and the scope
of the present invention 1s defined only by the appended
claims.

A data document having a tree structure may be con-
structed from the bottom-up by merging and/or joining
nodes 1n an existing data document with nodes 1 a docu-
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ment fragment as described herein. Examples of such docu-
ments include XML (Extensible Markup Language) docu-
ments and multimedia content description documents, in
particular those containing descriptions complying with the
MPEG-7 standard. Exemplary embodiments are described
in terms of multimedia content description documents but
the invention 1s not so limited and one of skill 1n the art wall
immediately recognize the applicability of the invention to
other types of data documents.

Beginning with an overview of a multimedia content
description delivery system 100 as illustrated 1n FIG. 1A, a
content description 113 on a transmitting system 101 1s
re-created on a receiving system 1035 using description
fragments transmitted as access units 109. The content
description 113 on the receiving system 1s constructed by a
decoder 107 from the bottom up by merging and/or joining
fragments 1n the access units 109 with an existing content
description 111 on the receiving system 105 as described
further below. An encoder 103 on the transmitting system
creates the access units 109 containing the merge and/or join
commands and the fragments as described next 1n conjunc-
tion with FIG. 1B. It will be appreciated that although
“access unit” 1s the term used by the MPEG-7 standard, the
invention 1s not so limited and 1s applicable to the construc-
tion of any type of content description. It will be further
appreciated that the invention 1s not limited to the particular
arrangement of components 1illustrated in FIG. 1A. For
example, one of skill in the art will immediately recognize
that the transmitting system may receive the access units
from another system for subsequent transmission

An exemplary embodiment of an access unit 121 1is
illustrated 1in FIG. 1B. The access unit 121 contains one or
more fragment update umits 123. Each fragment update unit
125 contains a navigation path 127, an update command
129, and a fragment payload 131. When the update com-
mand 129 i1s a merge command 133 or a join command 135,
the navigation path 127 specifies an update location, 1.e., a
node, in either the existing content description on the
receiving system or in the description fragment. The frag-
ment payload 131 contains either the fragment or a reference
to the fragment. A set of one or more child nodes selected
from the existing content description and/or from the
description fragment are attached as child nodes at the
update location to build the content description. When the
update command 120 contains a join command 135, a join
source element 137 (shown in phantom) 1s also present 1n the
fragment update unit 125. In one embodiment, the join
source element 137 1s an ordered list of “source, join path”
clement pairs 139 as will be described 1n detail 1n conjunc-
tion with FIG. 1D. Fragment update units for a merge or join
command may co-exist with fragment update units contain-
ing add, delete, replace and reset commands within the
access unit 121.

A merge command merges the fragment 1n the fragment
update unit with the existing description tree on the receiv-
ing system by attaching the existing description tree to one
or more of the nodes, 1.e., merge nodes, 1n the fragment as
illustrated 1n FIG. 1C. Assume the fragment update unit 125
for a merge command contains the fragment 143 as its
payload 131, and the navigation path 127 contains a context
expression that specifies node B as the update location 1n the
fragment 143. When executed, the merge command sets the
fragment 143 as the root of the description tree and replaces
node B 1n the description fragment with the existing descrip-
tion tree 141 to produce a merged description tree 145.

As 1llustrated 1in FIG. 1D, a join command joins a frag-
ment 1n the fragment update unit with a node 1n an existing
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description tree to produce a joined description tree. Given
an existing description tree 151 and fragment 153 in the
fragment update unit, assume that node B 1n the existing
description tree 151 and the fragment 153 are to be joined
into a single join node A' 1n a joined description tree 155.
The navigation path 127 contains a context expression that
specifies the node B in the description tree 151 as the update
location at which to join the fragment description 153. After
the fragment description 153 1s joined to node B, the result
1s join node A' in the joined description tree 155. Because
cach of the nodes A and B may have attributes and sub-trees
as children, the join source element 137 in the fragment
update unit 125 specifies which children from the two nodes
being joined are to be attached as child nodes for the join
node A', and 1in what order they will appear. When a child
node 1s added to the join node, the complete subtree rooted
at the designated child 1s added, 1.e., adding a child node
includes adding all descendant nodes of the designated child
node. In the simplest case, the join operation may result in
the concatenation of the children of the two nodes as the
children of the join node A' 1n the following order: first, all
children of designated join node 1n description 153 (1.¢. node
B), followed by the child nodes of node A. The ordered list
of source, element pairs 139 1n the join source element 137
enables arbitrarily complicated joins. The source element of
a pair specifies that either the existing tree 151 or fragment
153 1s the source of a child of the join node A', while the jo1in
path element specifies which attributes or sub-trees of the
source are to become children of the join node. Thus, as
illustrated 1n FIG. 1D, the join source list contains two
source, child path element pairs that specily how to combine
the children of node B in the existing description tree 151
and node A 1n the fragment 153. The first pair indicates that
the source 1s the existing description tree 151 and the child
path points to child node D (specified relative to 1ts parent
node B) in tree 151. The second pair indicates that the source
1s the fragment and the child path points to child node C of
node A 1n fragment 153. The resulting child nodes of the join
node A' are the subtree rooted at node D, which includes
nodes F and G from the existing description tree 151 and the
subtree rooted at nodes C, which includes node H from the
fragment 153. Note that node E from the tree 151 1s not
included in this case because 1t was not designated 1n the join
source list.

Thus, the merge and join commands described make 1t
possible to transmit the parts of a data document as frag-
ments and to construct a new data document from the bottom

up

The following description of FIG. 2 1s intended to provide
an overview ol computer hardware and other operating
components suitable for implementing the mnvention, but 1s
not mtended to limit the applicable environments. FIG. 2
illustrates one embodiment of a computer system suitable
for use as the transmitting and/or receiving system of FIG.
1A. The computer system 40 includes a processor 50,
memory 355 and input/output capability 60 coupled to a
system bus 65. The memory 55 1s configured to store
instructions which, when executed by the processor 50,
perform the methods described herein. The memory 55 may
also store the access units. Input/output 60 provides for the
delivery and receipt of the access units. Input/output 60 also
encompasses various types ol computer-readable media,
including any type of storage device that 1s accessible by the
processor 30. One of skill in the art will immediately
recognize that the term “computer-readable medium/media™
turther encompasses a carrier wave that encodes a data
signal. It will also be appreciated that the system 40 1s
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controlled by operating system software executing 1n
memory 53. Input/output and related media 60 store the
computer-executable instructions for the operating system
and methods of the present invention as well as the access
units. The encoder 103 and decoder 107 shown in FIG. 1A
may be separate components coupled to the processor 50, or
may be embodied 1n computer-executable instructions
executed by the processor 30. In one embodiment, the
computer system 40 may be part of, or coupled to, an ISP
(Internet Service Provider) through mput/output 60 to trans-
mit or recerve the access units over the Internet. It 1s readily
apparent that the present invention 1s not limited to Internet
access and Internet web-based sites; directly coupled and
private networks are also contemplated.

It will be appreciated that the computer system 40 1s one
example of many possible computer systems that have
different architectures. A typical computer system will usu-
ally include at least a processor, memory, and a bus coupling
the memory to the processor. One of skill 1n the art will
immediately appreciate that the invention can be practiced
with other computer system configurations, including mul-
tiprocessor systems, minicomputers, mainirame computers,
and the like. The mvention can also be practiced in distrib-
uted computing environments where tasks are performed by
remote processing devices that are linked through a com-
munications network.

Next, the particular methods of the invention are
described 1n terms of computer software with reference to a
series of flow diagrams i FIGS. 3A-D. The methods
constitute computer programs made up of computer-execut-
able instructions 1llustrated as blocks (acts) in FIGS. 3A-D.
Describing the methods by reference to a flow diagram
enables one skilled 1n the art to develop such programs
including such instructions to carry out the methods on
suitably configured computers (the processor of the com-
puter executing the instructions from computer-readable
media, 1ncluding memory). The computer-executable
instructions may be written 1n a computer programming
language or may be embodied 1n firmware logic. If written
in a programming language conforming to a recognized
standard, such instructions can be executed on a variety of
hardware platforms and for interface to a variety of operat-
ing systems. In addition, the present invention 1s not
described with reference to any particular programming
language. It will be appreciated that a variety of program-
ming languages may be used to implement the teachings of
the invention as described herein. Furthermore, 1t 1s common
in the art to speak of solftware, in one form or another (e.g.,
program, procedure, process, application, module, logic . . .
), as taking an action or causing a result. Such expressions
are merely a shorthand way of saying that execution of the
software by a computer causes the processor of the computer
to perform an action or produce a result. It will be appre-
ciated that more or fewer processes may be incorporated into
the methods illustrated 1n Figures (flow diagrams) without
departing from the scope of the invention and that no
particular order 1s implied by the arrangement of blocks
shown and described herein.

FIG. 3A illustrates a decode method 300 executed by the
receiving system to process fragment update units for merge
or join commands. The method 300 may be executed by a
decoder on the receiving system or operate 1 a separate
module. The method 300 1s intended to operate 1n conjunc-
tion with other methods that decode fragment update units
containing other update commands, such as add, delete,
replace and reset, and such methods are not further
described. The command in a fragment update umt 1is
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examined at block 301. It the update 1s a merge command
(block 303), a merge method illustrated mm FIG. 3B 1s
executed (block 305). Otherwise, a join method illustrated 1n
FIG. 3C 1s executed (block 307).

Turning now to FIG. 3B, when the merge method 310 1s
invoked, it saves the existing description tree on the receiv-
ing system (X) (block 311) and sets the fragment payload as
the current tree (Y) (block 313). The merge method 310
executes a node loop for each node 1n Y starting at block 3135
and ending at block 321. At block 317, the merge method
310 determines 1f the node matches the context expression
specified 1n the navigation path 1n the fragment update unit
and adds a matching node to a node list at block 319. Once
all the nodes 1n Y have been evaluated, copies of the saved
description tree X replace each of the nodes (and their
subtrees, if any) 1n the node list (block 323).

The jomn method 330 illustrated in FIG. 3C replaces the
node (and any of 1its subtrees) designated in the navigation
path with a join node (E) (block 331). The element and
schema type for the join node are that of the root node of the
fragment. For each pair in the ordered list 1in the join source
clement, the join method 330 executes a pair loop beginning
at block 333 and ending at block 345. Within the pair loop,
the source element 1s used to determine the current source,
either the existing description tree or the fragment, and each
child node for the current source 1s evaluated 1n a child loop
startmg at block 335 and ending at block 341. I the child
node matches the join path element at block 337, the child
node 1s added to a list Q at block 339. When all the child
nodes of the current source have been evaluated, the child
nodes 1n list Q are appended to the join node E, with each
being appended as the last child (block 343). If the same
chuld attribute occurs more than once during the joining
process, the first child attribute 1s appended and subsequent
duplicate child attributes are 1gnored. When the last pair has
been evaluated, all child nodes for the join node have been
appended and the join process 1s complete.

In an embodiment not illustrated, if the join source
clement 137 1s empty, a default ordered list 1s used. The
default ordered list contains a first pair that specifies all the
child nodes of the existing description tree first and a second
pair that specifies all the child nodes of the root node of the
fragment. The default ordered list results 1n a concatenation
of all the child nodes under join node 1n the order of the first
and second pairs.

An encode method 350 that encodes fragment update
units for merge and join commands 1s illustrated 1n FIG. 3D.
The method 350 1s invoked on a system when a new content
description needs to be constructed on a receiving system.
The method 350 may be incorporated into an encoder or
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operate as a separate module, and may be performed by the
transmitting system or by another system that transfers the
encoded access units to the transmitting system. The method
300 may be executed by a decoder on the receiving system
or operate 1n a separate module. The method 300 1s intended
to operate 1 conjunction with other methods that encode
fragment update units for other update commands, such as

add, delete, replace and reset, and such methods are not
further described.

For each merge or join fragment update unit to be sent 1n
an access unit, the method 350 performs a processing loop
represented by blocks 351 until 365. The fragment payload
1s formatted with either the fragment to merge or join, or a
reference to the fragment (block 353). If the update com-
mand 1s a join (block 355), the context expression to specily
the location of the join node 1n the new description tree 1s
determined and stored in the navigation path (block 357).
The ordered list of pairs that specily the children of the join
node 1s created and stored 1n the join source element (block
359). If the update command 1s a merge, the context expres-
s1on for the attachment nodes in the fragment 1s determined
and stored in the navigation path (block 361). The naviga-
tion path, fragment payload and join source, when present,
are combined with the merge/join command to create the
fragment update unit (block 363).

When the content descriptions are coded in XML, such as
MPEG-7 content descriptions, in one embodiment the navi-

gation and join paths are location path expressions in the
XML path language (XPath). An XPath location path con-

sists of a set of location steps that walk through nodes 1n a
tree structure. Each step 1s relative to a set of context nodes
specified by the previous step. A location step consists of
three parts:

1. an axis that specifies the relationship 1n the tree
between the nodes selected by the step and the context
node(s), e.g., parent, child, ancestor, sibling, attribute,
elc.;

2. a node test that specifies the node type of the nodes

selected by the step, e.g., text, attribute, element, etc.;
and

3. zero or more predicates that are used to filter the nodes
selected by the step, e.g., * (select all), text, @attribute-

name, order-number, etc.

In another embodiment specific to the BiM encoding of
MPEG-7 access units, the paths are relative to the XML
Schema type Correspondmg to the type of the fragment.

Additionally, fragment update units for the merge and join
commands may be specified as an extension of the existing
MPEG-7 syntax for access units as follows:

<complexType name="FragmentUpdateUnitType’>
<element name="Navigation” type="mpeg7:XpathType”
minOccurs="1""/>
<element name="JoinSource” minOccurs="0" maxOccurs=“unbounded™>
<simpleContent>
<simpleType>
<extension base="mpeg/:XpathType”/>
<afttribute name="source”>

<simpleType>
<restriction base="string”>
<enumeration value="current”/>
<enumeration value="fragment”/>
</restriction>
</simpleType>

</attribute>
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-continued

</simpleType>
</simpleContent>
</element>
<element name="UpdateCommand”
type="mpeg7:UpdateCommand Type” minOccurs="1"/>

<element name="FragmentPayload” type="mpeg7:FragmentPayload Type”

<minOccurs="“0" maxOccurs="1"/>
</complexType>

where the Navigation element corresponds to the navigation
path 127 1n FIG. 1B and the JoinSource element corresponds
to the join source element 137. The value “current” 1n the
source part of the JoinSource element specifies the existing
description tree on the recerving system, while the value
“fragment” specifies the fragment contained 1n the fragment
payload.

The syntax for the UpdateCommand element may be
modified to include merge and join commands as follows:

<simpleType name="UpdateCommandType’>
<restriction base="string”>
<enumeration value="AddFragment™/>
<enumeration value="DeleteFragment”/>
<enumeration value=“ReplaceFragment™/>
<enumeration value="Reset”/>
<enumeration value=“MergeFragment™/>
<enumeration value="JoinFragment”/>
</restriction>
</simpleType>

in which “MegeFragment” and “JoinFragment” represent
the merge and join commands 133, 135 for the update
command 129.

The MPEG-7 syntax for the fragment payload does not
need to be modified to accommodate the merge and join
commands.

A multimedia content description system that transmits
and constructs content descriptions from the bottom up has
been described. Although specific embodiments have been
illustrated and described herein, it will be appreciated by
those of ordinary skill 1n the art that any arrangement which
1s calculated to achieve the same purpose may be substituted
for the specific embodiments shown. This application 1is

intended to cover any adaptations or variations of the present
invention.

The terminology used 1n this application with respect to
MPEG-7 1s meant to include all environments that provide
content descriptions. Therefore, 1t 1s manifestly intended that
this mnvention be limited only by the following claims and
equivalents thereof.

What 1s claimed 1s:

1. A computerized method of constructing a data docu-
ment represented as a tree from an existing data document
and a document fragment comprising:

receiving, from a transmitting system, a navigation path,
an update command and the document fragment to
construct the data document, wherein the navigation
path, the update command and the document fragment
are sent by the transmitting system instead of a copy of
the data document stored on the transmitting system:;
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identifying an update location using the navigation path,
wherein the update location 1s one of a join node 1n the
existing data document and a merge node 1n the docu-
ment fragment; and

attaching a set of child nodes at the update location 1n
accordance with the update command, wherein the set
of child nodes 1s selected from at least one of the
existing data document and the document fragment.

2. The computerized method of claim 1, wherein, when
the update command 1s a merge command, the update
location 1s a merge node 1in the document fragment and
attaching the set of child nodes comprises:

selecting the set of child nodes from the existing data
document; and

merging the set of child nodes at the merge node.

3. The computerized method of claim 2, wherein selecting,
the set of child nodes from the existing data document
comprises selecting all nodes 1n the existing data document.

4. The computerized method of claim 1, wherein, when
the update command 1s a join command, the update location
1s a join node 1n the existing data document and attaching the
set of child nodes comprises:

selecting the set of child nodes from the document frag-
ment and the existing data document using an ordered
list; and

joining the set of child nodes at the join node.

5. The computerized method of claim 4, wherein the set
of child nodes are joined 1n an order specified by the ordered
list.

6. The computerized method of claim 4, wherein the
ordered list comprises a plurality of element pairs and each
clement pair comprises:

a source clement that specifies one of the document
fragment and the existing data document as a source;
and

a join path that specifies a node 1n the source to be
included in the set of child nodes.

7. The computerized method of claim 4, wherein the
ordered list 1s a default ordered list.

8. The computerized method of claim 1, wherein the
navigation path 1s an address that identifies the update
location relative to a context node.

9. The computerized method of claim 8, wherein the
address 1s expressed as an XML XPath location path when
the data documents are coded in XML (extensible markup
language).

10. The computerized method of claim 1, wherein the data
documents and document fragment contain content descrip-
tions.

11. The computerized method of claim 10, wherein the
content descriptions are compliant with MPEG-7 standards.

12. The computerized method of claim 1, wherein the data
documents and document fragment are coded in XML.



Us 7,231,394 B2

11

13. The computerized method of claim 12, wherein the
data documents and document fragment conform to an XML
schema document associated with the data documents and
document fragment.

14. The computerized method of claim 1, wherein the
navigation path and the update command are received 1n a
fragment update unit, the fragment update unit further
comprising;

a fragment payload 1dentitying the document fragment.

15. The computerized method of claim 14, wherein the
fragment payload 1s selected from the group consisting of a
document fragment and a document fragment reference.

16. The computerized method of claim 14, wherein, when
the update command 1s a join command, the fragment update
unit further comprises:

an ordered list that specifies the set of child nodes.

17. The computerized method of claim 14 further com-
prising:

sending the fragment update unit as part of an access unit.

18. The computerized method of claim 17 further com-
prising:

selecting the update command;

formatting the fragment payload;

calculating the navigation path;

creating an ordered list of source and join path elements

when the update command 1s a join; and

creating the fragment update unit from the navigation

path, the update command, the fragment payload, and
the ordered list if required.

19. The computerized method of claim 1 further compris-
ng:

receiving an ordered list that specifies the set of child

nodes when the update command 1s a join command.

20. The computerized method of claim 1 further compris-
ng:

sending the navigation path, the update command, and the

document fragment.

21. The computerized method of claim 20 further com-
prising;:

sending an ordered list that specifies the set of child nodes

when the update command 1s a jo1n command.

22. A computerized method of constructing a data docu-
ment represented as a tree from an existing data document
and a document fragment comprising:

sending, to a receiving system, a navigation path, an

update command, and a document fragment, wherein
the navigation path identifies an update location that 1s
one of a join node 1n the existing data document and a
merge node in the document fragment at which to
attach a set of child nodes selected from at least one of
the existing data document and the document fragment
in accordance with the update command, wherein the
navigation path, update command, and document frag-
ment are sent by a transmission system instead of a
copy of the data document stored on the transmitting
system.

23. The computerized method of claim 22 further com-
prising;:

sending an ordered list that specifies the set of child nodes

when the update command 1s a jo1n command.

24. The computerized method of claim 22 further com-
prising:

selecting the update command,;

formatting a fragment payload to identify the document

fragment;

calculating the navigation path;
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creating an ordered list of source and join path elements

when the update command 1s a join; and

creating a fragment update unit from the navigation path,

the update command, the fragment payload, and the
ordered list 1f required.
25. The computerized method of claim 24 further com-
prising:
sending the fragment update unit as part of an access unit.
26. The computerized method of claim 24, wherein the
fragment payload 1s selected from the group consisting of a
document fragment and a document fragment reference.
277. The computerized method of claim 22, wherein the
navigation path 1s an address that identifies the update
location relative to a context node.
28. The computerized method of claim 27, wherein the
address 1s expressed as an XML XPath location path when
the data documents are coded in XML (extensible markup
language).
29. The computerized method of claim 22, wherein the
data documents and document fragment contain content
descriptions.
30. The computerized method of claim 29, wherein the
content descriptions are compliant with MPEG-7 standards.
31. The computerized method of claim 22, wherein the
data documents and document fragment are coded 1n XML.
32. The computerized method of claim 31, wherein the
data documents and document fragment conform to an XML
schema document associated with the data documents and
document fragment.
33. A computer-readable storage medium having execut-
able struction to cause a computer to perform a method of
constructing a data document represented as a tree from an
existing data document and a document fragment, the
method comprising:
recerving, from a transmitting system, a navigation path,
an update command and the document fragment to
construct the data document, wherein the navigation
path, the update command and the document fragment
are sent by the transmitting system instead of a copy of
the data document stored on the transmitting system;

identifying an update location using the navigation path,
wherein the update location 1s one of a join node 1n the
existing data document and a merge node 1n the docu-
ment fragment; and

attaching a set of child nodes at the update location 1n

accordance with the update command, wherein the set
of child nodes 1s selected from at least one of the
existing data document and the document fragment.

34. The computer-readable medium of claim 33, wherein,
when the update command 1s a merge command, the update
location 1s a merge node 1in the document fragment and
attaching the set of child nodes comprises:

selecting the set of child nodes from the existing data

document; and

merging the set of child nodes at the merge node.

35. The computer-readable medium of claim 34, wherein
selecting the set of child nodes from the existing data
document comprises selecting all nodes 1n the existing data
document.

36. The computer-readable medium of claim 33, wherein,
when the update command 1s a join command, the update
location 1s a join node 1n the existing data document and
attaching the set of child nodes comprises:

selecting the set of child nodes from the document frag-

ment and the existing data document using an ordered
list; and

joining the set of child nodes at the join node.
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37. The computer-readable medium of claim 36, wherein
the set of child nodes are joined 1n an order specified by the
ordered list.

38. The computer-readable medium of claim 36, wherein
the ordered list comprises a plurality of element pairs and
cach element pair comprises:

a source element that specifies one of the document

fragment and the existing data document as a source;
and
a join path that specifies a node in the source to be
included 1n the set of child nodes.
39. The computer-readable medium of claim 36, wherein
the ordered list 1s a default ordered list.
40. The computer-readable medium of claim 33, wherein
the navigation path 1s an address that identifies the update
location relative to a node context.

41. The computer-readable medium of claim 40, wherein
the address 1s expressed as an XML XPath location path
when the data documents are coded i XML (extensible
markup language).

42. The computer-readable medium of claim 33, wherein
the data documents and document fragment contain content
descriptions.

43. The computer-readable medium of claim 33, wherein
the data documents and document fragment are coded in
XML.

44. The computer-readable medium of claim 43, wherein
the data documents and document fragment conform to an
XML schema document associated with the data documents
and document fragment.

45. The computer-readable medium of claim 42, wherein
the content descriptions are compliant with MPEG-7 stan-
dards.

46. The computer-readable medium of claim 33, wherein
the navigation path and the update command are received in
a fragment update unit, the fragment update umt further
comprising;

a fragment payload identifying the document fragment.

47. The computer-readable medium of claim 46, wherein
the fragment payload 1s selected from the group consisting,
ol a document fragment and a document fragment reference.

48. The computer-readable medium of claim 46, wherein,
when the update command is a join command, the fragment
update unit further comprises:

an ordered list that specifies the set of child nodes.

49. The computer-readable medium of claim 46, wherein
the method further comprises:

sending the fragment update unit as part of an access unit.

50. The computer-readable medium of claim 49, wherein
the method further comprises:

selecting the update command;

formatting the fragment payload;

calculating the navigation path;

creating an ordered list of source and join path elements

when the update command 1s a join; and

creating the fragment update umt from the navigation
path, the update command, the fragment payload, and
the ordered list 11 required.
51. The computer-readable medium of claim 33, wherein
the method further comprises:
receiving an ordered list that specifies the set of child
nodes when the update command i1s a join command.
52. the computer-readable medium of claim 33, wherein
the method further comprises:
sending the navigation path, the update command, and the
document fragment.
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53. The computer-readable medium of claim 52, wherein
the method further comprises:

sending an ordered list that specifies the set of child nodes
when the update command 1s a join command.

54. A computer-readable storage medium having execut-
able 1nstructions to cause a computer to perform a method of
constructing a data document represented as a tree from an
existing data document and a document fragment, the
method comprising:

sending, to a receiving system, a navigation path, an
update command, and a document fragment, wherein
the navigation path 1dentifies an update location that 1s
one of a join node 1n the existing data document and a
merge node 1 the document fragment at which to
attach a set of child nodes selected from at least one of
the existing data document and the document fragment
in accordance with the update command, wherein the
navigation path, update command and document frag-
ment are sent by a transmitting system instead ol a copy
of the data document stored on the transmitting system.

55. The computer-readable medium of claim 54, wherein
the method further comprises:

sending an ordered list that specifies the set of child nodes
when the update command 1s a join command.

56. The computer-readable medium of claim 54, wherein

the method further comprises:

selecting the update command;

formatting a fragment payload to identity the document
fragment;

calculating the navigation path;

creating an ordered list of source and join path elements
when the update command 1s a join; and

creating a fragment update unit from the navigation path,
the update command, the fragment payload, and the
ordered list 1f required.

57. The computer-readable medium of claim 56, wherein

the method further comprises:

sending the fragment update unit as part of an access unit.

58. The computer-readable medium of claim 56, wherein
the fragment payload 1s selected from the group consisting,
ol a document fragment and a document fragment reference.

59. The computer-readable medium of claim 54, wherein
the navigation path 1s an address that identifies the update
location relative to a context node.

60. The computer-readable medium of claim 59, wherein
the address 1s expressed as an XML XPath location path
when the data documents are coded in XML (extensible
markup language).

61. The computer-readable medium of claim 54, wherein
the data documents and document fragment contain content
descriptions.

62. The computer-readable medium of claim 61, wherein
the content descriptions are compliant with MPEG-7 stan-
dards.

63. The computer-readable medium of claim 54, wherein
the data documents and document fragment are coded in
XML.

64. The computer-readable medium of claim 63, wherein
the data documents and document fragment conform to an
XML schema document associated with the data documents
and document fragment.

65. A system comprising:

a processor coupled to a memory through a bus;

a network interface coupled to the processor through the
bus to receive, from a transmitting system, a navigation
path, an update command and a document fragment to
construct a data document, wherein the navigation path,
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the update command and the document fragment are
sent by the transmitting system 1nstead of a copy of the
data document stored on the transmitting system; and

a decode process executed by the processor from the
memory to cause the processor to i1dentily an update
location using the navigation path, wherein the update
location 1s one of a join node 1n an existing data
document and a merge node in the document fragment,
and to attach a set of child nodes at the update location
in accordance with an update command, wherein the
set of child nodes 1s selected from at least one of the
existing data document and the document fragment.

66. The system of claim 635, wherein, when the update
command 1s a merge command, the update location 1s a
merge node in the document fragment, and the decode
process turther causes the processor to select the set of child
nodes from the existing data document, and to merge the set
of child nodes at the merge node when attaching the set of
child nodes.

67. The system of claim 66, wherein the decode process
turther causes the processor to select all nodes 1n the existing
data document.

68. The system of claim 65, wherein, when the update
command 1s a join command, the update location 1s a join
node 1n the existing data document, and the decode process
turther causes the processor to select the set of child nodes
from the document fragment and the existing data document
using an ordered list and to join the set of child nodes at the
j01n node when attaching the set of child nodes.

69. The system of claim 68, wherein the decode process
turther causes the processor to join the set of child nodes 1n
an order specified by the ordered list.

70. The system of claim 68, wherein the ordered list
comprises a plurality of element pairs and each element pair
COmprises:

a source element that specifies one of the document
fragment and the existing data document as a source;
and

a join path that specifies a node in the source to be
included in the set of child nodes.

71. The system of claim 68, wherein the ordered list 1s a

default ordered list.

72. The system of claim 65, wherein the navigation path
1s an address that identifies the update location relative to a
context node.

73. The system of claim 72, wheremn the address 1s
expressed as an XML XPath location path when the data
documents are coded in XML (extensible markup language).

74. The system of claim 635, wherein the data documents
and document fragment contain content descriptions.

75. The system of claim 74, wherein the content descrip-
tions are compliant with MPEG-7 standards.

76. The system of claim 635, wherein the data documents
and document fragment are coded m XML.

77. The system of claim 76, wherein the data documents
and document fragment conform to an XML schema docu-
ment associated with the data documents and document
fragment.

78. The system of claim 65, wherein the navigation path
and the update command are received 1n a fragment update
unit, the fragment update unit further comprising:

a fragment payload 1dentiiying the document fragment.

79. The system of claim 78, wherein the fragment payload
1s selected from the group consisting of a document frag-
ment and a document fragment reference.
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80. The system of claim 78, wherein, when the update
command 1s a join command, the fragment update unit
further comprises:

an ordered list that specifies the set of child nodes.

81. The system of claim 78, wherein the decode process
further cause the processor to recerve an ordered list that
specifies the set of child nodes through the bus when the
update command 1s a join command.

82. A system comprising:
a processor coupled to a memory through a bus;

a network interface coupled to the processor through the
bus; and

an encode process executed by the processor from the
memory to cause the processor to send, to a receiving
system, a navigation path, an update command, and a
document fragment through the network interface to
construct a data document, wherein the navigation path
identifies an update location that 1s one of a join node
in the existing data document and a merge node 1n the
document fragment at which to attach a set of child
nodes selected from at least one of the existing data
document and the document fragment in accordance
with the update command, wherein the navigation path,
update command and document fragment are sent by
the system instead of a copy of the data document
stored 1n the memory of the system.

83. The system of claim 82, wherein the decode process
further causes the processor to send an ordered list that
specifies the set of child nodes through the network interface
when the update command 1s a join command.

84. The system of claim 82, wherein the decode process
turther causes the processor to select the update command,
format a fragment payload to identily the document frag-
ment, calculate the navigation path, create an ordered list of
source and join path elements when the update command 1s
a j01n, and create a fragment update unit from the navigation
path, the update command, the fragment payload, and the
ordered list 1f required.

85. The system of claim 84, wherein the decode process
further causes the processor to send the fragment update unit
through the network interface as part of an access unit.

86. The system of claim 84, wherein the fragment payload
1s selected from the group consisting of a document frag-
ment and a document fragment reference.

87. The system of claim 82, wherein the navigation path
1s an address that 1dentifies the update location relative to a
context node.

88. The system of claim 87, wherein the address 1s
expressed as an XML XPath location path when the data
documents are coded in XML (extensible markup language).

89. The system of claim 82, wherein the data documents
and document fragment contain content descriptions.

90. The system of claim 89, wherein the content descrip-
tions are compliant with MPEG-7/ standards.

91. The system of claim 82, wherein the data documents
and document fragment are coded imn XML.

92. The system of claim 91, wherein the data documents
and document fragment conform to an XML schema docu-
ment associated with the data documents and document
fragment.
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